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SUBJECT: Research Report 323; "Stress Histories of Bridge Members from Scratch Gage 
Records;" KYP-33, HPR-1(7), Part III. 
Following review of our report ("Replication of Eye-Bars ... ," Central Bridge, 19-6411-1) of July 
1970, we were instructed to install gages on designated pairs of eye-bars on the Central Bridge. Paired 
bars, of course, are usually intended to share loading equally and in this case to bear equally on a common 
pin, Differential loss of section may be considered in theoretical stress computations if it is assumed 
that before the loss of section occurred the load was divided equally between the bars. About 5 weeks 
of record was obtained in 1970, It seemed impossible to match events from the paired records. It was 
decided to obtain long-term records and attempt to match maximum events (overloads). Those records 
(and gages) were lost -- that is, they were removed from the bridge by unknown parties. Although new 
gages have been purchased and will soon be installed, we have (in this report) attempted to salvage some 
needed information from the short-term records obtained in the Fall of 1970. However, the report does 
not speak of matched events with respect to eye-bar pairs; and I am merely explaining the reasons for 
that conspicuous omission. I cannot estimate the seriousness of the loss of record. Certain decision schedules 
regarding this bridge were prepared by Mr. Vansant previous to this assignment. The overall plan has 
undoubtedly been affected. 
Analyses of strain records obtained from the Ashland-Coal Grove Bridge and the Kentucky River 
Bridge at Jackson have been reported previously in memoranda. They are included in this report to provide 
a more complete information packet. 
Under the date of January 31, 1972, a report entitled " ... Synthesis-of Load Histories and Analysis 
of Fatigue" was transmitted to you. Whereas it addresses the same problem in a remote manner, specific 
data sought through scratch gage records would, indeed, refine the fatigue analysis. The more immediate 
concern is, perhaps, the maximum stress generation. 
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CC's: Research Conunittee 
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ABSTRACT 
STRESS IDSTORIES OF BRIDGE 
MEMBERS FROM SCRATCH GAGE RECORDS 
This report describes tbe use of scratch gages for obtaining strain histories of bridge menbers. Basic 
components of the gage are designated and its operation is described in general terms. Stress histories, 
deduced from strain records, for various members of three bridges obtained through use of the gages 
are presented. A procedure for use in replicating sections of deteriorated members is described. 

INTRODUCTION 
Realistic methods of estimating service life of 
highway bridges have been sought over the years. The 
probability of survival or failure of a competently 
designed structure depends upon injury factors� such as; 
overloads, fatigue, corrosion, and so-called acts of God. 
Bridges are subjected to the most complicated, 
probabilistic occurrences of loads. Loads exceeding the 
design load are known to cause fatigue of structural 
elements; however, there is some question regarding the 
fatigue effect of lighter loads and vibrations. Present 
designs are probabilistic and provide for damaging 
effects caused by some overloads. 
On December 15, 1967, the 39-year old Silver 
Bridge spanning the Ohio River at Point Pleasant, West 
Virginia collapsed from end to end. That tragedy 
prompted critical field investigations of many of the 
nation's older bridges as well as some of the newer 
structures. At present, states are scheduled to complete 
inventories of major structures by July 1972 and all 
others within a year thereafter. According to a 
preliminary FHW A report presented to Congress in early 
January 1972, one-sixth of the nation's 563,500 bridges 
are critically deficient. In 1970, Congress authorized 75 
percent aid for replacing bridges on the federal-aid 
systems. The FHWA approved replacement of 50 of the 
most hazardous bridges in 49 states and Puerto Rico. 
On March I, 1968, the FHW A distributed a circular 
memorandum which outlined a program for gathering 
field data relative to loading histories of highway 
bridges. States were encouraged to initiate field tests and 
participate in work eligible for the Highway Planning 
and Research Program's funds. Prior to that time, the 
Kentucky Department of Highways had been active in 
gathering traffic data for live-load analyses of bridges 
to bordering states. Some of those analyses revealed 
members as being weak. As a result of those analyses 
and findings of several inspections, more definite 
information relative to stresses occurring in certain 
bridge members was sought. 
In December 1967, the Prewitt Scratch Gage was 
demonstrated to departmental personnel and described 
as a simple and accurate means of recording 
deformations in structural members. A gage was 
purchased and tested in the laboratory. Later, more 
gages were obtained and placed in the field. This report 
includes a description of the gages and summarizes stress 
histories obtained with use of the gages to date. 

SCRATCH GAGE 
The scratch gage is a rather simple mechanical 
device which provides a permanent recording of length 
changes occurring between ends of the gage. The gages 
are relatively small, require no power source for 
operation and may be used on any structural material. 
Physical attachment of a gage to a structural element 
may be achieved by glueing, screwing or clamping ends 
of the gage to the element. Length changes occurring 
within the member between the attached ends of the 
gage are scribed onto a brass disc (target) which may 
be removed for data extraction either manually or 
automatically. A new target may readily be installed to 
provide for continuous data aquisition. 
Figure 1 is a photograph of a 3-inch gage. Gages 
are I inch wide and may be obtained in various lengths 
of 3 inches or greater. The gage parts, as lettered on 
Figure I, are defined as follows: 
LP Large Base Plate 
SP Small Base Plate 
A Scribe Arm 
T Target 
R Target Rollers 
D Driver Brush 
H Retainer Brush 
B Guide Bar 
K Advance Knob 
G Gap 
A T D 
H 
A scribe point is affixed to the lower side of the 
narrow end of the scribe arm (A). The wide end of the 
scribe arm is spot welded to the small base plate (SP). 
As the member to which a gage is attached deforms, 
the two base plates move relative to each other; and 
the scribe point scratches the target. The advance knob 
(K) is used to manually rotate the target (T) and is 
convenient in establishing a zero-deformation line after 
installation of the gage. A zero-deformation line may 
be established throughout a full circle or only a small 
arc depending upon the number of times the advance 
knob is actuated. The outer periphery of each target 
is grooved to accomodate the rollers (R) and driver (D) 
and retainer (H) brushes. Guide bar (B) aids in proper 
installation or removal of targets. 
Gap (G) provides space for relative movement of 
the base plates toward each other in the event of 
compressive deformation of the member to which the 
gage is affixed. During installation, the gap is set in 
reference to a mark located on top of the scribe arm 
(A) near the point of attachment of the driver brush 
(D). When the mark is opposite the large base plate (LP), 
the gap is set properly and the driver brush will just 
be engaged into the peripheral groove in the target. 
Compressive deformations decrease the gap, and the 
driver brush causes the target to rotate 
counter-clockwise in proportion to the compressive 
deformation. Tensil deformations increase the gap, and 
the retainer brush prevents reverse or clockwise rotation. 
Compressive deformations cause the scribe point to 
LP 
B 
Figure I. 3-inch Scratch Gage. 
move toward the outer periphery of the target, and the 
tangential force of the driver brush acting at the target 
periphery causes rotation. Tensil deformations cause the 
scribe point to move toward the target center. In 
essence, the scribe point moves in or out by an amount 
equal to movement between the two attached ends of 
the gage. Deformations may be converted to 
corresponding strains by simply dividing each excursion 
amplitude by the gage length. Stresses may then be 
determined as the product of strain and modulus of 
elasticity of the structural material for which the gage 
data was recorded. For a given strain, a longer gage will 
record a proportionally longer scratch than a shorter 
gage. The length of gage selected for a particular job 
greatly depends upon the magnitude of strains to be 
recorded and desired accuracy. Longer gages do, 
however, utilize more target space for given strains and 
would require more frequent target changes. 
The gages actually record changes in deformation 
which occur after their installation. It should be 
understood that strains or stresses deduced from gage 
records are really strain or stress variations that occur 
after installation of the gage. If a gage were attached 
to a structural member when no extraneous loads or 
forces were in effect, the gage record would be an 
accurate indication of deformations due to extraneous 
loads or forces operating thereafter. Total deformation 
could be determined as the algebraic sum of the 
computed dead-load deformation and measured or 
recorded deformation. Dead-load and live-load 
deformations existing at the time a gage is attached 
naturally affect the position of the so-called 
zero-deformation line. 
In order to evaluate the accuracy of a scratch gage 
for field use, Gage No. 0142 furnished by the 
manufacturer was laboratory tested in early 1968. The 
gage was attached to an aluminum plate which was I 
inch wide and 0.065 inch thick. Attachment was such 
that deformation occurring throughout a length of 2.75 
inches was recorded. Cyclic tensil loads were applied to 
the plate in increments of 200 pounds from 400 to 
2,000 pounds .. i.e., a 400-pound load was applied and 
released, then a 600-pound load was applied and 
released, etc. Maximum deformation (elongation) for 
each tensil force was read with a microscope having a 
calibrated eyepiece. Those deformations were converted 
to corresponding strains by dividing each by 2.75 inches. 
A modulus of elasticity of 10 million psi was assumed 
for the aluminum plate and corresponding stresses were 
computed as the product of each strain and that 
modulus of elasticity. Stresses computed as each tensil 
load divided by the cross-sectional area of the plate are 
designated as 11Actual Stress11 and are summarized in 
Table I. 
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TABLE I 
TENSIL TEST DATA FOR GAGE 0142 
WAD ELONGATION MEASURED ACTUAL DIFFERENCE 
{lbs.) (in.) STRESS STRESS (%) 
(psi.) (psi.) 
400 .001670 6,073 6,154 1.31 
600 .002705 9,837 9,231 4.39 
800 .003507 12,752 12,308 3.61 
1,000 .004342 15,789 15,385 2.62 
1,200 .005210 18,946 18,462 2.62 
1,400 .006146 22,347 21,538 3.76 
1,600 .006804 25,019 24,615 1.64 
1,800 .007682 27,934 27,692 0.87 
2,000 .008684 31,578 30,769 2.63 
On March 14, 1968, a 30-inch gage was installed 
on the lower flange of a 27-inch I beam at midspan 
on the bridge carrying westbound Newtown Pike (KY 
922) traffic over the New Circle Road (KY 4) near 
Lexington. The gage was glued to the upper surface of 
the lower flange with epoxy cement. The base plates 
of the gage were constructed of stainless steel. After 
27 days, the gage was removed and the target was 
inspected under the microscope. Twenty-seven distinct 
deformation excursions were observed at a magnification 
of ISX. At a magnification of SOX, intermediate 
deformation records were noted as being superimposed 
on the larger deformation records. 
After considerable effort to rationalize events of 
loading that might produce such a record, it was 
theorized that daily temperature excursions in 
conjunction with a difference in coefficients of thermal 
expansion and contraction of the gage base plates and 
member to which the gage was attached might account 
for the larger deformation record. Stainless steel has a 
coefficient of expansion and contraction which is 
approximately 0.000003 inch per inch per degree 
Fahrenheit greater than the coefficient for structural 
steel. The larger scratches on the target were of rather 
uniform magnitude and represented strains in the order 
of 0.000116 inch per inch. Those strains could result 
from daily temperature excursions (high to low) of 39 
degrees which would be normal for the time of year 
the record represented. 
The 30-inch gage was then attached to a 4-foot 
section of aluminum channel and the assembly was 
placed on the roof of the laboratory, After 30 days of 
exposure, the target was removed and viewed under the 
microscope. The target contained 30 distinct peaks or 
deformation excursions. Those scratches were in the 
same order of magnitude and opposite in direction as 
primary scratches on the target from the Newtown Pike 
bridge. The thermal coefficient of expansion and 
contraction of stainless steel is approximately 0.000003 
inch per inch per degree Fahrenheit less than that for 
aluminum. Therefore, it was recognized that the gage 
did record deformations as a result of temperature 
differentials and differences in thermal coefficients. 
Temperature-compensated gages are now available and 
those gages contain base plates of the same material as 
that of the structure to which the gage is to be attached. 
STRESS RECORDS FOR THREE BRIDGES 
Early in 1968, the Division of Bridges made an 
analysis of the US 60 bridge over the Ohio River 
(Ashland-Coal Grove) in Boyd County. The bridge was 
completed in 1932. That analysis indicated the 
possibility of overstress under normal operating 
conditions in the floor stringers and beams within panels 
one through eight (see Figure 2) on either side of the 
piers. Scratch gage records were requested for one 
stringer and one floor beam in one of those panels. Due 
to their location, the critical members were considered 
inaccessible and more accessible members similar to the 
critical members were studied. On August 5, 1968, a 
30-inch gage was attached to the lower flange of the 
right stringer (looking North) within the second panel 
from the retaining wall on the Ashland end. A 30-inch. 
gage was also attached to the lower flange of the main 
floor beam supporting panels three and four. The gages 
were affixed with mounting blocks and C clamps. The 
points of attachment of each gage were located in such 
a manner that gage centers would coincide with centers 
of the respective members to which they were attached. 
The second panel has a span of 30 feet-8 inches 
and the right stringer is a 22 BI 58 having a section 
modulus of 124.7 inch3: The respective design live-load, 
dead-load and impact moments for that member were: 
68,000., 70,500- and 21,500-pound feet. The third and 
fourth panels are 30 feet-8 inches and 70 feet in length, 
respectively. The floor beam supporting adjoining ends 
of those panels is 28 feet-8 inches long and is a 33 BI 
143 having a section modulus of 449.4 inch3: The design 
live-load, dead-load and impact moments respectively 
were: 300,400-, 268,400- and 80,200-pound feet. In 
addition, a sidewalk live-load moment of 6,000-pound 
feet was used in design. 
The first set of targets was removed on August 13, 
1968, and a second set was installed. The second set 
was removed on August 20. Tables II and III present 
listings of numbers of events at various levels of stress 
as determined from the two sets of targets. The scratch 
gages do not record events below certain amplitudes 
depending upon the individual gage sensitivity and gage 
length; thus, events causing minor deformations are not 
recorded. In order to compute stresses tabulated, a 
Figure 2. Ashland-Coal Grove Bridge: Looking North. 
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modulus of elasticity of 30 million psi was assumed for 
the members. 
Design stresses for the members were computed by 
dividing the design moment for each member by its 
section modulus. A comparison of design and operating 
stresses in presented in Table IV. 
Classification data for vehicles using the bridge 
were obtained on March 26 and 27. 1968. Weight data 
were obtained by the Department of Motor 
Transportation on July 2. Results of those counts and 
weighings are presented in Table V. Only one vehicle 
in the C-6A group was weighed. Of 33 vehicles weighed 
in the C-5A group, three were in excess of 80,000 
pounds and seven were in the 70,000- to 79,999-pound 
weight group. 
TABLE II 
STRESS EVENTS IN FLOOR BEAM 
NO. OF STRESS* 
EVENTS (psi.) 
4 5400 
2 5000 
6 4400 
10 3700 
16 3300 
108 3000 
58 2700 
84 2300 
44 2000 
4 1700 
*Stress deduced from target records -- does not include 
dead-load or live-load stresses in members at time gages 
were attached. 
In March and May of 1969, a series of 30-inch gages 
was attached to various members of the bridge carrying 
KY 30 traffic over the Kentucky River at Jackson. An 
effort was made on two occassions to obtain gage 
records as a truck of known axleloads crossed the 
structure for calibration purposes. Neither of those 
attempts was successful. Stresses due to dead load listed 
in the following tabulations were supplied by the 
Division of Bridges. Computations for dead-load stresses 
had been made in connection with installation of a 
metal-grid flooring. Live-load plus impact stresses listed 
in the tabulations are for extreme fiber stresses. The 
gages were attached to the upper surface of the lower 
flanges and a multiplying factor of 1.1 was used to 
adjust those records to extreme fiber records. 
TABLE Ill 
STRESS EVENTS IN STRINGER 
NO. OF STRESS* 
EVENTS (psi.) 
2 7400 
4 6700 
4 4000 
8 3700 
52 3300 
24 3000 
38 2700 
24 2300 
26 2000 
4 1700 
*Stress deduced from targer records -- does not include 
dead-load or live-load stresses in members at time gages 
were attached. 
TABLE IV 
DESIGN AND OPERATING STRESSES 
Stringer Dead Load 
Live Load + Impact 
Total 
Floor Beam Dead Load 
Live Load + Impact 
Total 
4 
DESIGN STRESS 
(psi.) 
6,785 
8,613 
15,398 
7,167 
10,162 
17,329 
OPERATING STRESS 
(psi.) 
6.785 
7.400 
14,185 
7,167 
5,400 
11,567 
TABLE V 
WEIGHT AND CLASSU'ICATION DATA FOR 
ASHLAND-COAL GROVE BRIDGE 
CLASSIFICATION 
No. of Vehicles 
Avg. Wt.-(K!ps) 
AUTOS 
13,530 
BUSES 
93 
SU-2A·4T 
1,459 
8.0 
SU-2A-6T 
487 
16.3 
Figure 3 shows where the gages were located and 
letters on that figure identify the members to which 
gages were affixed. Member II was on an approach span 
and is not shown on Figure 3. All gages were placed 
mid-span of the members. Gages F and J were attached 
to chord members by clamping to the inner surface of 
an angle. All other gages were attached to the upper 
surface of the lower flange of a stringer. C clamps were 
used for all attachments. Gages were left in place for 
a period of 7 to 11 days and targets were changed at 
frequent intCrvals. Table VI lists the member section. 
days of record, total events recorded ,1nd dead-load 
c 
E 
G 
- TO JACKSON 
SU-3A 
114 
22.0 
C-3A 
70 
15.9 
C4A 
162 
33.8 
C-5A 
330 
54.2 
0 
55.0 
Total 
16,245 
stress for each member. Table VII is a listing of events 
per week at various levels of live-load plus impact stress 
for each member. It is evident that stringer G was 
overstressed during that period in which records were 
made. 
The Central Bridge, carrying US 27 traffic across 
the Ohio River between Newport and Cincinnati, was 
constructed in 1891 and modified in 1914, 1930 and 
1964. The original design criteria are not available; 
however, an analysis was made in 1947 and an H20 
loading was determined safe for the bridge with 
suggested repairs and 50 percent overstress. According 
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Figure 3. KY 30 Bridge over Kentucky River, Jackson. 
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to a most recent analysis, the 1964 repairs rendered the 
bridge useable for HIS loading at normal stresses. Over 
the years, the bridge has suffered seriously from rusting; 
and the design factor of safety, no doubt, has been 
reduced considerably. Extensive rusting has occurred on 
the eye-bars near pin connections. The extent of damage 
remained speculative for quite some time because heavy 
rust was never completely removed and close inspection 
was not possible. 
Early in 1970, availability of a high·pressure 
water-blaster made it possible to remove rust in areas 
that had previously been considered inaccessible. Two 
pin connections for sets of eye-bars were cleaned on 
a trial basis in order that a critical inspection might be 
made. Deterioration of those bars was extensive and 
several other groups of bars were cleaned in order that 
their least cross sections might be measured. Figures 5 
and 6 show one set of bars before and after cleaning. 
The extensiveness of deterioration is most obvious in 
the left pair of bars in Figure 6. 
Cross sections of bars were determined through 
replication of bars. Sheet·metal forms (Figure 7) were 
fitted around a section, tied in place and edges were 
sealed with paraffin. A two-component liquid, Sika-Flex, 
that hardened to a rubbery semi·solid, after setting, was 
used to ftll the void between each mold and eye-bar. 
Wire mesh was placed inside each form to prevent 
stretching or deformation of the resultant mold. In that 
manner, a negative mold was made of 17 bars. After 
the curing period, the forms were removed, taken to 
the laboratory and Hydrostone was used to make a 
positive casting (Figure 8) of bar sections. Replicates 
were measured in order to locate the general area of 
least cross section, and a contour gage was then used 
to transfer three or four areas for each bar onto paper. 
Those areas were planimetered and minimum area for 
each bar determined in that manner was considered as 
the least area of a bar� 
Figure 9 is a photograph of the bridge and Figure 
10 is a sketch of the two spans on which eye·bars were 
replicated. A key for identifying the bars is provided 
on Figure II. Table VIII is a listing of bars that were 
replicated, their original area and percent loss in area 
as detemrined from the replications. Figures 12 through 
16 show cross.sectional areas of bars that had scratch 
gages attached for strain records. A gage was also 
attached to bar U. l4-L.6L!54; however, that bar was 
not replicated and the percent loss in area is unknown. 
Scratch gages were placed on six eye·bars during 
the period between August 31 and November 10, 1970. 
Three bars having the greatest percent loss in area were 
chosen for gage attachment and gages were also placed 
on companion bars to those of greater loss of area. Gages 
were afflxed to bars: U.15·L!5L!4·3 and 4, 
U.14-L.6L!5·3 and 4 and D.I4-L.3L2·3 and 4. Due to 
the nearness of the reduced sections to pins, it was not 
Figure 4. Ky 30 Bridge al .Jackson 
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feasible to place gages across the reduced sections. The 
gages were affixed to sections that were judged to have 
little reduction in area. Table IX is a listing of events 
per computed stress levels for those areas. An assumed 
modulus of elasticity of 30 million psi was used in 
computing the listed stress levels. Table X is a listing 
of events per stress level across the reduced section for 
each bar. Table X is based on the assumption that force 
acting in the normal section is identical to force acting 
in the reduced section. 
Three sets of targets were obtained from each gage 
between August 31 and November 10, 1970. Records 
contained on those targets indicated a target might be 
left in place for a year without the target making a 
complete revolution. It was decided that gages would 
be left in-place and retrieved in September 1971. 
Personnel sent to retrieve the gages in early September 
1971 reported all gages missing from the site. Efforts 
to locate those gages were not successful. New gages 
have been ordered for installation on the bars. Efforts 
will be made to lock the new gages in place to prevent 
their remo val by unauthorized personnel. 
With the exception of the 16,1 00-psi stress in bar 
U.15-L!5L!44, the eye-bars apparently arc not 
overstressed. Longer periods of record arc certainly 
desirable and efforts will be made to obtain records for 
a minimum period of six months. Figure 17 is an 
enlargement of the _target from the gage affixed to 
member D.l4-L.3L.:!-4 during the period between 
September 9 and �8, 1970. 
TABLE VI 
MEMBER AND RECORD DATA 
MEMBER SECTION DAYS OF TOTAL NO, DEAD· LOAD 
RECORD OF EVENTS STRESS 
(psi.) 
c 12 I 3!.8 10 958 1,554 
D 12 I 31.8 825 1,554 
E 20 l 65 1,784 635 
F 4-21- 6"x4"x3/4" 316 8,416 
G 12 I 31.8 II 178 1,554 
H 12 I 31.8 817 1,554 
12 I 31.8 967 1,554 
4-2\- 6"x4"x11/16" 282 8,517 
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TABLE VII 
FREQUENCY OF STRESSlNGS IN THE MEMllERS 
STRESS MEMBERS 
LEVEL ' 0 ' 6 " 
(p:ri.) 
600 0.7 
1,]00 '" " 25.9 " 
1.� 0.7 '" " w 63.7 21.7 " 
1$00 " '" 77 17 95.2 B.l " 
2,200 0.7 " " " 32,9 28.7 67 
2,500 7.6 " '" " 32.2 23.8 n 
'"" " " 177 n 27.3 no " 
3,300 " 77 707 " 0.7 !9.b 19.6 17 
3,600 9.6 " 770 " 0 26.6 14.7 w 
4,000 '' 18 77 w 17 30.8 20,3 7 
4,400 !1.2 71 '" " 0.7 47,6 19.6 
4,800 14.7 " " 6 !4.7 19.6 
5,200 28.7 " " 1.7 35,7 18.9 
5,500 6t,G 70 71 7.1 35.0 30,\ 
5,900 72.1 n '" 7.1 32.2 22.4 
6,300 67,9 77 76 21.7 39.9 
6.� 93.1 70 '" 0 23.1 23,1 
7,000 77.7 76 77 0.7 19.6 27.3 
7AOO 81.2 " " 1.7 23.1 36.4 
7,700 49.0 " " 0.7 7.7 25.9 
8,!00 30.1 77 '" 0 7  71 32.2 
8,500 13.3 n '" 7.0 28.7 
""' 16. 1 B " 7.1 28.0 
9,200 11.2 " " ,, 7. 1  30,! 
"00 '·' 76 77 1A 33.6 
9,900 7.1 " 70 0.7 '' 26.6 
10,300 1A 17 " 0.7 ]8.2 
10,700 " 10 0.7 9.7 18.9 
11,000 " 17 1.7 !4.0 
11,400 " " 7 0  
11,800 " " 
12,100 11.2 
12,500 " 
!2,900 '' 
!3,200 7.8 
13,600 9.7 7.9 
!4,000 7.0 
17AOO 0.7 7.7 
14,700 0.7 7.7 
15,!00 0.7 7 1  
15,500 0.7 0.7 
!5,800 17 9.7 
16,200 1.7 0.7 
!6,600 
17,000 0.7 OA 
17,300 1A 
17,700 76 
'""" 76 
!8,400 7.1 
19,100 " 
19,500 7.5 
19,900 7.0 
20,200 7.0 
20,600 9.1 
21,000 7.0 
21,300 7.7 
21,700 7.7 
22,100 77 
22,400 7.7 
22,800 ;1,5 
23,200 " 
23,500 0.7 
23,900 2.8 
24,300 7.1 
24,600 1A 
25,400 0.7 
29,000 0.7 
•St<e" deduood from target reoonls - docs oot include doad-load and live·lo:td strosso• in members at timo 
gill!•• wore auaohed. 
Figure 5. Group of Eye-Bars before Cleaning, 1970. 
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Figure 6. Group of Eye·Bars after Cleaning, 1970. 
Figure 7. Sheet-Metal Form. 
Figure 8. Hydrostone Castings. 
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Figure 9. Central Bridge; Looking North. 
NEWPORT KY. 
SPAN NO. 15 SPAN NO. 14 
Figure 10. Spans 14 and 15 of Central Bridge. 
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U-upstream 
D-downstream 
Ls 
3 
4 
CODE KEY 
Span Number 
f I -U·15- L·3 
) Refers to eye-bar 
L·2-4-- Identifies eye-bar 
L 
Refers to pin number starting 
at the end the impression was taken 
L2 
_l I 
! I } I 
;_;_ 2 ' 
(------- I I 
1----- I I 
\-- 3 
\=- - 4 ' 
l ) 
I I 
BRIDGE DECK SIDE 
Figme 11. Key to Numbering System for Eye-Bars. 
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TABLE VII 
FREQUENCY OF STRESSINGS IN THE MEMBERS 
STRESS MEMBERS 
LEVEL c D E F G H 
(psi.) 
600 3 0.7 
1,100 50 4 12 25.9 5.6 7 
1.400 0.7 20 25 10 63.7 21.7 32 
1,800 4.2 38 77 17 95.2 23.1 41 
2,200 0.7 54 95 13 32.9 28.7 67 
2,500 2.8 54 119 92 32.2 23.8 72 
3,000 4.2 43 191 73 27.3 32.9 !5 
3,300 4.2 33 207 46 0.7 19.6 19.6 19 
3,600 9.8 32 236 15 0 26.6 14.7 10 
4,000 8.4 18 77 10 1.4 30.8 20.3 2 
4,400 11.2 21 48 14 0.7 47.6 19.6 
4,800 14.7 12 28 6 0 14.7 19.6 4 
5,200 28.7 23 26 0 1.4 35.7 18.9 9 
5,500 61.6 36 31 3 2.1 35.0 30.1 2 
5,900 72.1 22 40 2 2.1 32.2 22.4 
6,300 67.9 32 36 3 0 21.7 39.9 
6,600 93.1 30 50 0 23.1 23.1 
7,000 77.7 26 39 0 0.7 19.6 27.3 
7,400 81.2 41 51 1.4 23.1 36.4 
7,700 49.0 !5 57 0 0.7 7.7 25.9 
8,100 30.1 33 50 0 0.7 9.1 32.2 
8,500 13.3 22 38 0 0 7.0 28.7 
8,800 16.1 23 45 0 2.1 28.0 
9,200 11.2 41 53 0 1.4 2.1 30.1 
9,600 4.2 26 39 0 1.4 0 33.6 
9,900 2.1 13 20 0 0.7 1.4 26.6 
10,300 1.4 12 II 0 0.7 0 18.2 
10,700 14 19 0 0.7 0.7 18.9 
11,000 15 17 0 1.4 14.0 
11,400 12 12 0 0 7.0 
11,800 II 7 0 0 8.4 
12,100 7 9 0 0 11.2 
12,500 7 8 3 0 5.6 
12,900 9 8 0 5.6 
13,200 6 6 0 9.8 
13,600 4 0.7 4.9 
14,000 2 2 0 2.8 
14,400 4 0.7 4.9 
14,700 2 0.7 4.9 
15,100 2 0.7 2.1 
15,500 2 0.7 0.7 
15,800 I 1.4 0.7 
16,200 1.4 0.7 
16,600 0 0 
17,000 0.7 0.4 
17,300 1.4 
17,700 2.8 
18,000 2.8 
18,400 2.1 
19,100 4.2 
19,500 3.5 
19,900 7.0 
20,200 7.0 
20,600 9.1 
21,000 7.0 
21,300 7.7 
21,700 7.7 
22,100 4.9 
22,400 4.2 
22,800 3.5 
23,200 2.8 
23,500 0.7 
23,900 2.8 
24,300 2.1 
24,600 1.4 
25,400 0.7 
29,000 0.7 
*Stress deduced from target records .. does not include dead-load and live-load stresses in members at time 
gages were attached. 
12 
5.550 
2 
5. 660 
6. 245 
( U ·15 -L'·5L'·4-3) 
Or.ig.inal Section � 7.1875 Sq. In. 
Percent Loss � 22.78% 
Figure 12. Replicated Areas for Bar. 
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( 
6.715 
2 
6.110 
6.715 
(U·I5-L'·5 L'·4-4) 
Original Section 7 .1875 Sq. In . 
Percent Loss = 15% 
Figure 13. Replicated Areas for Bar. 
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6.24 
2 
5.85 
5. 59 
4 
6. 00 
(U·14- L·G L!5- 3) 
Original Section = 7.1875 Sq. In . 
Percent Loss = 22.23% 
Figure 14. Replicated Areas for Bar. 
IS 
4 .  37 
2 
4. 6 6 
4.75 
( D·I4-L·3 L·2- 3) 
Original Section = 5.625 Sq. In. 
Percent Loss = 22.31 
Figure 15. Replicated Areas for Bar. 
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4.845 
2 
4. 805 
5. 115 
(D-14- L·3 L· 2 - 4) 
Original Section = 5.625 Sq. In. 
Percent Loss = 14.58 
Figure 16. Replicated Areas for Bar. 
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TABLE IX 
EVENTS PER STRESS LEVEL FOR NORMAL SECTIONS 
NUMBER OF EVENTS FOR 
8-31-70 to 11-10-70 
LIVE LOAD & REDUCED SECTION** 
IMP ACT STRESS 
(psi.) 2 3 4 5 6 
1,339 0 0 2 6 6 
1,673 3 4 8 7 10 8 
2,008 2 8 5 11 9 1 
2,343 4 1 I I  8 4 6 
2,677 2 2 10 7 5 9 
3,012 5 I 4 1 7 I 
3,346 5 3 14 8 9 9 
3,681 9 6 8 0 4 3 
4,016 1 2 4 2 3 
4,350 6 3 4 1 0 0 
4,685 2 3 5 1 0 0 
5,020 0 0 7 0 I 
5,354 2 0 4 1 2 
5,689 I 1 5 2 
6,024 1 0 6 
6,358 1 4 
6,693 0 6 
7,028 0 3 
7,362 0 4 
7,697 0 
8,031 0 2 
8,366 0 1 
8,701 1 
13,720 1 
*Stress deduced from target records .. does not include dead-load and Jive-load stresses in 
members at time gages were attached. 
REDUCED SECTION** 
1 
2 
3 
4 
5 
6 
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EYE-BAR NO. 
U.l5-L!5L!4-3 
U.J5-L!5L!4-4 
D. l 4-L.3L.2-3 
D.J4-L.3L.2-4 
U.J4-L.6L!5-3 
U.J4-L.6L!5-4 
TABLE X 
EVENTS PER STRESS LEVEL FOR REDUCED SECTIONS 
LIVE LOAD & REDUCED SECTION* 
IMP ACT STRESS 
(psi.) 2 3 4 5 
1,600 
1,700 I 0 6 
2,000 4 0 7 0 
2,100 3 0 8 0 10  
2,300 0 0 0 0 0 
2,400 0 8 0 1 1  0 
2,600 2 0 5 0 9 
2,700 0 0 0 8 0 
2,800 0 0 0 0 
3,000 4 0 11 0 4 
3,100 0 2 0 7 0 
3,300 0 0 0 0 0 
3,500 2 10 5 
3,700 0 0 0 0 0 
3,900 5 3 4 8 7 
4,000 0 0 0 0 0 
4,300 5 6 14 0 9 
4�,700 0 2 8 2 4 
4,800 9 0 0 0 0 
5,000 0 0 0 0 0 
5,100 0 3 0 1 0 
5,200 1 0 4 0 3 
5,300 0 0 0 0 0 
5,500 0 3 0 1 0 
5,600 6 0 4 0 0 
6,000 0 0 5 0 0 
6,100 2 0 0 0 0 
6,300 0 0 0 0 
6,500 0 0 7 0 1 
6,700 0 1 0 2 0 
6,900 2 0 4 0 
7,000 0 0 0 1 
7,300 0 0 5 
7,400 1 0 0 
7,500 0 0 
7,800 0 6 
8,200 0 4 
8,400 0 0 
8,600 0 6 
8,700 2 0 
9,000 0 3 
9,500 0 4 
9,900 0 
10,200 0 
10,300 0 2 
10,800 0 
16,100 
*B<Jr Numbers same as previously nuled. 
!\/o. 6 not tahulalcd, reduced :tll'il llllkll\!\\'ll. 
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Figure 17. Target from Gage on Eye-Bar D.14-L.3L.2-4, Record for September 
9 through 28, 1970. 
2 0  
